(A) The amount of Arctic sea ice per year (in September) from to . From to (dotted blue line) the ice extent was estimated from atmospheric temperature measurements [ ]. From onwards (solid blue line), the ice extent was measured directly by satellites. You can see that since almost % of the Arctic sea ice has melted. (B) The area of all the yellow countries (Portugal, Spain, France, Italy, Belgium, the Netherlands, United Kingdom, Germany, and Norway) is about . million square kilometers-the same area that has been lost from Arctic sea ice melting over the past years.
winter temperatures of − • C at the North Pole and − • C at the South Pole. During winter, the polar regions experience months of complete darkness, while during summer, the sun never sets. Although both polar regions are cold and receive the same amounts of sunlight during the year, there is a fundamental di erence between the Arctic and Antarctic.
Antarctica is a continent covered by ice and surrounded by the Southern Ocean. The Arctic is mostly an ocean, covered by sea ice and surrounded by three continents: North America, Asia, and Europe. Current climate change is raising Arctic air and ocean temperatures,
CLIMATE
Changes in air temperature, wind speed and direction, precipitation and cloud cover in a time range of hours, days, and weeks is what we call "weather." Climate is the average weather over a longer period of time (decades to millions of years) at a certain location. It is not possible to see, feel, or measure climate. causing the area covered by sea ice to shrink. During the past years, about . million square kilometers of Arctic sea ice have melted-this is equivalent to an area the size of western Europe (Figure ) . Although the Arctic is an ocean, the sea ice acts like a land surface, creating an important habitat for many animals like seals HABITAT A habitat is the environment where a plant or animal normally lives and grows. and polar bears (Figure ) . Since the s, almost % of the total Arctic sea ice has disappeared, and the large and small animals that live on that ice are losing their homes and must find other places to live, before they become extinct. On the other hand, certain fish species and algae known as phytoplankton can now thrive in the newly ice-free areas (Figure ) .
CARBON DIOXIDE UPTAKE BY PHYTOPLANKTON
Current climate change is causing Arctic air temperatures to increase about twice as fast as average temperatures over the rest of the world [ ]. The rising temperatures in the Arctic region will not only melt sea ice, but will also cause higher amounts of freshwater from melting glaciers to flow into the Arctic Ocean. This freshwater can be rich in nutrients that provide essential fuel for phytoplankton growth. are at the bottom of the food chain and therefore they are the foundation for almost any life in the ocean. But phytoplankton are more than just a food source for small and large animals like shrimp and fish. Like all plants, phytoplankton take up carbon dioxide (CO ) from the atmosphere and, using the sun's energy, break it down into carbon (C) and oxygen (O ). The oxygen is released back into the air CARBON Carbon is a chemical element with the symbol C and one of the most abundant elements on the planet and in the universe. In pure form, carbon exists as graphite or diamond. It exists in all living organisms and is an important part of coal and oil. When carbon is burned, it reacts with oxygen (O) and forms a gas, carbon dioxide (CO ).
FOOD CHAIN
or water. The carbon is used by phytoplankton to build their tissues. Therefore, plants have the unique ability to transform CO from the atmosphere into other compounds during photosynthesis, and you will soon see why this is important.
THE CARBON CYCLE
Of the known chemical elements, only a small number can be found in living organisms. Astonishingly, the immense complexity of life on Earth is made up almost entirely of only four elements: carbon (C), hydrogen (H), oxygen (O), and nitrogen (N). For example, about % of your body consists of these four elements! If organisms like humans or phytoplankton die, their bodies get broken down into C, H, O, and N. During this process, the carbon is transformed back to CO . As we said, phytoplankton can consume CO during photosynthesis, which decreases the amount of CO in the atmosphere. But, when the phytoplankton die and decompose, the same amount of CO they took up is released back into the atmosphere. This does not just happen with phytoplankton-when the trees in the northern hemisphere lose their leaves in autumn, the global CO concentration rises, and in spring, when new leaves grow back, global CO concentration drops again (Figure ) . So, in nature, CO is constantly being removed from the atmosphere and added back to the atmosphere. This is called the biological carbon cycle. If the production and consumption of carbon are in equilibrium, the CO concentration in the atmosphere should be constant. However, large environmental changes and human activities can upset this equilibrium. For example, if a tropical forest is replaced by a desert with very few plants, the carbon stored in the forest will be released into the atmosphere and not taken back up.
Despite what you may have heard on the news, CO is not always a bad guy! In fact, CO is essential for regulating the temperature of our planet. Without greenhouse gases like CO , life on Earth would not exist because Earth's average temperature would drop to − • C which is too cold for living things [ ]. But, by burning fossil fuels, we quickly release large amounts of CO into the atmosphere. Because this CO cannot be taken back up as quickly as it is released by burning fossil fuels, there is an imbalance in the carbon cycle and a rise in the amount of CO in the atmosphere (Figure ) . This imbalance is what drives the rapid global climate change that is causing such problems today. To better understand and predict Earth's future climate, it is very important to understand and identify the ways that CO is released into the atmosphere and the ways it is removed from the atmosphere. As the Arctic changes from an icy desert into an open ocean, we need to understand how this huge environmental change in the Arctic will influence the global carbon cycle.
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CARBON BURIAL IN ARCTIC MARINE SEDIMENTS
The main way to reduce the amount of CO in the atmosphere for a long time is to store carbon in Earth's sediments-where it was stored until it was released by burning fossil fuels. This storage happens naturally when living things, like phytoplankton, die and sink down to the sediment on the seafloor (Figure ) . The dead organisms that reach the seafloor are a food source for other organisms living there, like starfish, worms, and bacteria. These animals consume the organic matter and break it down into its elements (Figure ) . Most of the carbon and the other elements released during this process stay in the water and feed other organisms, but a small amount of carbon gets buried and is stored in the ocean sediments. Although the amount of carbon that gets trapped this way is small [ ], once it is buried it cannot go back into the atmosphere. Because oceans cover more than % of the Earth's surface, this process has a huge impact on the carbon cycle. We call this trapping process carbon burial, and it is a very important mechanism that has regulated CO concentrations in the atmosphere, and therefore Earth's temperature, for billions of years. The processes that control carbon burial are still not very well-understood, and scientists are working to understand them better.
WILL A WARMING ARCTIC INCREASE CARBON BURIAL IN ARCTIC SHELF SEDIMENTS?
The Arctic Ocean is very deep in some areas, almost . km, but it is shallower (only -m) near surrounding land. These much shallower parts represent about half of the Arctic Ocean. Lots of phytoplankton grow in these shallow areas during summer, when there are h of daylight. The growth of phytoplankton supports rich and diverse ecosystems in the ocean, on the ice, and at the seafloor, so these Arctic shelf regions are especially important for the cycling and burial of carbon. One hypothesis is that, if there are enough nutrients to support the growth of phytoplankton, the warming of the Arctic could possibly lead to large blooms of phytoplankton, which could result in more CO being taken from the atmosphere and stored in the Arctic Ocean seafloor (Figure ) . But, the environmental responses to changes in sea ice are complex, variable, and not well-understood. For example, satellite observations have shown that, in some areas of the Arctic, shorter sea ice seasons and therefore longer growing seasons increased the total amount of phytoplankton, but in other areas, sea ice reductions seemed to a ect water circulation, which changed nutrient availability and decreased the amount of phytoplankton.
Because CO in the atmosphere is evenly distributed around the world, changes in the Arctic carbon cycle will a ect the entire planet. So, changes in the amount of carbon burial in the Arctic are also important for the whole world. Much more research is needed to understand the critically important role of the Arctic Ocean carbon cycle in the kids.frontiersin.org December | Volume | Article | global climate. Scientists around the world are involved in this huge research e ort. As a recent addition to this international research e ort, the Changing Arctic Ocean Seafloor (ChAOS) project is a major UK research collaboration investigating how seafloor ecosystems are a ected by Arctic warming and sea ice losses, and how these changes can a ect carbon burial now and in the future.
ChAOS scientists are trying to find answers to questions, such as: how will the animals and microorganisms living on the seafloor respond to changes in sea ice and ocean processes? Will a decline in sea ice increase the supply of food to seafloor ecosystems? How will seafloor organisms change the way they recycle nutrients and carbon between the seafloor and the ocean? And, how will the amount of carbon stored in seafloor sediments change as global climate change continues? The Arctic is a very remote and hostile realm, into which only very few people will ever venture. By burning fossil fuels, humans have started a huge environmental change in a region where only a few people permanently live. We can expect that major changes in the Arctic ecosystem, and e ects on carbon burial, will intensify as our planet heats up further. Since changes in the polar regions a ect every one of us, no matter where we live, it is crucial to answer the fundamental scientific questions, so we can better understand the e ects of these immense environmental changes on human civilization. 
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